Examples of Raspberry Pi usage in Internet of Things by Petrov, Nikola et al.
International Conference on Applied Internet and Information 
Technologies, 2016 
       DOI:10.20544/AIIT2016.15 
Examples of Raspberry Pi usage in Internet of Things 
Nikola Petrov1, Dalibor Dobrilovic1, Mila Kavalić1 and Sanja Stanisavljev1 
1 University of Novi Sad / Technical Faculty “Mihajlo Pupin”, Djure Djakovica bb, 
23000 Zrenjanin, Serbia 
nikola.petrov@tfzr.rs; dalibor.dobrilovic@uns.ac.rs; mila.zakin@tfzr.rs; 
sanja.stanisavljev@tfzr.rs 
Abstract. Very fast expansion of Internet of Things gives a challenge for the 
educators in finding tools for efficient teaching Internet of Things (IoT) and 
related technologies. The growth of the development boards market, which is 
evident in past few years, gives a number of opportunities and choices. This paper 
gives the short overview of part of the available platforms together with their 
main characteristics. Paper explores the applicability of Raspberry Pi 
development board or single board computer for teaching IoT technologies and 
environments. Goal of this research is to find and propose low-cost, efficient and 
flexible platform which can help in introducing the IoT paradigm in teaching 
process, as well as to be good enough to be used in classroom for lab exercises or 
for student projects. The detailed configuration of Raspberry Pi and the whole 
environment is given in this paper.  
Keywords: Internet of Things, Raspberry Pi, communication engineering 
education, embedded Linux, sensors. 
1. Introduction
The rapid growth, expansion and development of Internet of Things (IoT) and related 
technologies make strong influence on shaping the needs of higher education in modern 
times. The projected growth in the number of deployed IoT and networked devices by 
year 2020 influences the high expected number of software developers that will be 
needed in upcoming years. So far, those projections are shown to be real and university 
lecturers need to tackle this challenge by innovation of university courses and 
introduction of IoT related technologies. The different opinions about IoT architecture 
are given in [1], [2] and [3]. The elements of IoT platform planned to be implemented 
in university teaching process should be in accordance with defined architectures. One 
approach of introducing the open-source hardware based on Arduino/Genuino platform 
is given in [4]. This paper explores the possibility of using Raspberry Pi for creating 
efficient, low-cost platform that can be used for teaching IoT related technologies in 
laboratory exercises within university courses, such as Communication Systems, 
Computer Networks, and Advanced Communications primary in Information 
Technology curricula.   
This paper is structured as follows. After the introduction section, popular embedded 
Linux development boards are presented and compared. The platform based on 
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Raspberry Pi for teaching IoT is described in next section. The discussion about the 
experiences with the platform and conclusion and further work is given at the end of 
paper. 
2. Embedded Linux boards comparison 
In recent years a number of Linux Based development boards appeared on the market. 
Their appearance significantly empowered research and application development in IoT 
environments. These boards differ in their specification, power usage and performance. 
The comparison of most popular Linux-based development is given in Table 1 with 
their main characteristics.     
Table 1. Embedded Linux Board Comparison. Table gives the list of popular Linux boards with 
their main characteristics. 
                       
Board 
Specification 
Beaglebone  
Black Rev C 
Raspberry Pi 2 
Model B 
Intel Galileo 2 
Intel Edison  
for Arduino 
Arduino Yun 
SoC  
(System on a Chip) 
Texas 
Instruments 
AM3358 
Broadcom  
BCM2836 
Intel Quark 
X1000 
Intel “Tangier”  
Atom  
Atheros AR9331 
CPU 
ARM  
Cortex-A8 
ARM  
Cortex-A7  
Intel Quark 
X1000  
single core 
Intel Atom  
dual Core 
MIPS32 24K 
and 
ATmega32U4 
Speed 1GHz 900 MHz 400 MHz 500 MHz 
400mhz 
(AR9331) and 
16mhz  
(ATmega) 
Memory 512 MB 1 GB 
512KB  
on-chip SRAM &  
256MB DRAM 
1 GB RAM 
 
64MB  
(AR9331) and 
2.5KB 
(ATmega) 
GPU 
PowerVR 
SGX530 
Broadcom  
Dual Core 
VideoCore IV® 
Multimedia 
Co-Processor 
No No No 
Internal storage 4 GB No 8 MB 4 GB eMMC 
16MB  
(AR9331) and 
32KB 
(ATmega) 
External storage 
Micro-SD 
Card 
Micro-SD Card Micro-SD Card SD card 
Micro-SD 
(AR9331) 
Networking 
10/100Mbit 
Ethernet 
10/100Mbit 
Ethernet 
10/100Mbit 
Ethernet 
WiFi Dual-band 
802.11 and 
Bluetooth 2.1/4.0 
10/100Mbit 
Ethernet and 
802.11b/g/n 
WiFi 
GPIO 65 pins 
27 pins  
on 0.1" headers 
20 pins 
70 pins  
on 0.4mm 
mezzanine header 
 
Dimensions 86.4mm (L) x 85.60mm (L) x  123.8 mm (L) × 127.0 mm (L) x  68.6 mm (L) x 
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53.3mm (W) 56mm (W) 72.0 mm (W) 72.0 (W) x  
12.0 (H) mm 
53.3 mm (W) 
Weight 40g 45g 50g - 41g 
Approximate price $55 $35 $75 $99 $75 
Digital I/O Pins 65 17 14 20 20 
Digital I/O Power 3.3V 3.3V 
3.3V or 5V 
(switched with 
jumper) 
3.3V to 4V 
 
5V 
Analog Input 
7 with 12-bit 
ADC, 0-1.8V 
7 with 12-bit 
ADC, 0-1.8V 
6 with 12-bit 
ADC, 0-5V 
6 
12 with  
10-bit ADC,  
0-5V 
PWM Output 8 8 6 4 7 
UART 4 4 2 1 
2 (1 wired  
to AR9331) 
SPI 2 2 1 1 1 
I2C 2 2 1 1 1 
USB Host 
1 standard  
A connector 
 
1 standard  
A connector 
 
1 micro AB  
Connector 
1 micro 
connector 
1 standard  
A connector 
(AR9331) 
USB Client 
1 standard  
B connector 
 
1 mini B 
Connector 
1 micro  
B connector 
 
1 micro 
Connector 
1 micro  
B connector  
(ATmega) 
Video Output Micro HDMI 
HDMI, 
Composite 
RCA, DSI 
None None None 
Video Input None CSI (camera) None None None 
Audio Output Micro HDMI 
HDMI, 3.5mm 
jack 
None None None 
Power Output 
3.3V up to 
800mA,  
5V up to 
800mA 
3.3V up to 
50mA, 
5V up to  
300-500mA 
3.3V up to 
800mA,  
5V up to 800mA 
3.3 V up to 
100 mA, 
1.8 V up to  
100 mA  
3.3V up to 
50mA, 5V 
Each of these boards has its own advantages and disadvantages. The goal of this paper 
is not to compare all boards for usage in same environment and for the same purpose, 
but to explore the usability of the presented platform. The platform presented in this 
paper is used simply because of its availability at our institutions. The experience with 
other platforms shaped the process of platform utilization. During the research and 
testing platform, the advantages of its usage are defined.  Platform is very suitable to be 
used as a compact device for teaching students Linux OS basics, Python programming, 
basic sensor operations. Having this compact multi sensor expansion board as Sense 
HAT students are able to work with multiple sensors, without need to do complex 
wiring or even soldering components. This is particularly important for teaching 
Information Technology and Software Engineering students.     
3. Platform for teaching IoT 
In [1] the IoT architecture is divided in 5 layers. Those layers are: sensing, access, 
network, middleware and application layer. Sensing layer deals with capturing and 
sharing information. Information are transferred from sensing layer to the network layer 
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via access layer. Network layer integrates the information resources and establishes an 
infrastructure platform for applications. The middleware layer manages and controls 
network information and application layer enables application for analyzing and 
monitoring data.  
All five layers of proposed architecture are given on Fig. 2. The detailed explanation 
of Raspberry Pi 2 B subsystem and other layers is given in following section. The 
Raspberry Pi 2 subsystem is in the focus of this work. 
3.1. Raspberry Pi subsystem 
The Raspberry Pi subsystem is build upon Raspberry Pi 2 B as a core component. The 
Raspberry Pi 2 Model B is the second generation Raspberry Pi [5]. It replaced the 
original Raspberry Pi 1 Model B+ in February 2015. Pi 2 B has 900MHz quad-core 
ARM Cortex-A7 CPU, 1GB RAM, 4 USB ports, 40 GPIO pins, Full HDMI port, 
Ethernet port, Combined 3.5mm audio jack and composite video, Camera interface 
(CSI), Display interface (DSI), Micro SD card slot, VideoCore IV 3D graphics core. 
With ARMv7 processor, it can run variety of ARM GNU/Linux distributions and 
Microsoft Windows 10. The operating systems are available on 
https://www.raspberrypi. org/downloads/. The RPi 2 B used in this research has 8 GB 
SD card with Raspbian OS installed. The full compatibility with Raspberry Pi 1 is 
preserved. 
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Fig. 1. Raspberry Pi 2 B based platform for teaching IoT. Wireless USB adapter (lower left side 
of the figure) is used for Internet connection. Raspberry Pi 2 B and Sense HAT (right side of the 
figure) are stacked. The platform is powered via USB cable connected to PC. On the top of Sense 
HAT there is 8×8 RGB LED matrix display. Six sensors are integrated in the Sense HAT.  
Although, there is integrated Ethernet port in the board, the wireless USB adapter 
TP-Link TL-WN722N is used for connection to wireless access point and LAN and 
Internet. This was made to ensure the mobility of the station. The Sense HAT is an add-
on board for Raspberry Pi, made especially for the Astro Pi mission (sent to 
International Space Station in December 2015). Sense HAT has an 8×8 RGB LED 
matrix, a five-button joystick and six sensors: Gyroscope, Accelerometer, 
Magnetometer, Temperature, Barometric pressure and Humidity sensor. There is 
Python library that enables programming and access to board components [6]. The 
Raspberry Pi Sense HAT is compatible with the Raspberry Pi 2, Model B+, and Model 
A+, but NOT the earlier 26-pin models of Raspberry Pi 1 Model B & A’s. The Sense 
HAT is clearly presented on Fig 1 mounted on top of Raspberry Pi 2 B (right side of the 
figure).  
3.2. The IoT environment 
Since, the LAN network and its nodes simple have role to connect the Raspberry 2 Pi 
with Internet, next core component of the system is middleware layer based on the 
ThingSpeak (6) platform. This is free and open data platform and API for the Internet 
of Things [7],[12],[13] that enables collection, storage, analysis and visualization of 
data from sensors or actuators. Platform gives support for: Arduino/Genuino ®, 
Raspberry Pi™, BeagleBone Black, and other hardware and variety of programming 
languages. The platform is under the Mathworks and has support for data analysis and 
data processing with MATLAB® code [4], [7].  
In working with ThingSpeak it is important to say that access to the platform is made 
with HTTP protocol. The example of code for Arduino, C language, Java, Python, 
.NET/C# and many other languages and platforms are given at [7]. The main element of 
platform is channel which can track up to 8 sensor data. One field of the channel is 
dedicated to one sensor. The channels can be made private or public. Channels are used 
to upload data from the connected devices, showing graphs related to data and access 
data through a REST request and downloading it in XML, JSON or CSV format.  
After the channel is created, write API key is generated automatically. Write API key 
is used for sending data to the channel and read API key is used for reading the channel 
data. ThingSpeak API is an open source interface which listens for incoming data, 
timestamps it, and outputs it for both human users and machines [7]. To enable sending 
sensor readings to ThingSpeak, the developer need to create HTTP request. The request 
can be created in Python script in form of URI. This URI, besides initial URI for 
ThingSpeak channel update, also contain write API key, and sensor readings. The data 
can be sent every 10 seconds, using a loop. This loop, with each new execution, sends a 
HTTP request. 
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Once the data is uploaded, it creates interactive charts to visualize the data [13]. 
Besides the data field, there are location and status field. In this particular example, the 
Python 3.4 script is made for sending the data from RPi B 2 to ThingSpeak.  
 
Fig. 2. Raspberry Pi 2 B based platform in IoT environment. Platform is based on [4] 
with needed modifications. Components of the platform are: (1) Sense HAT with six 
different sensors and 8x8 RGB LED matrix (upper left side); (2) Raspberry 2 B with 
IEEE 802.11 USB adapter (lower left side); (3) Wireless access point for connection to 
LAN and Internet (lower middle side); (4) institution’s LAN; (5) LAN servers, 
gateways and firewalls (upper middle side); (6) ThingSpeak [7] IoT system for data 
visualization, storage and analytics (lower right side); (7) Users and applications based 
on web browsers for monitoring data (upper right side). 
4. Discussion 
The experience with the platform is very good. Platform is easy to assemble and to 
configure. Also, the programming part is very easy. The students are able to get in 
touch with so many different technologies in very short period. They can learn Linux 
operating system basics, Python network and HTTP programming basics, sensor 
management having the deep insight of architecture ad structure of the IoT. The 
extended data analyses with data stored on IoT cloud based service are also tasks which 
can be assigned to students within lab exercises and for student projects.  
Platform is used experimentally in order to get experience and to explore the 
possibilities of integration in university courses. The platform is put in operation several 
times in duration of 1 or 2 hours. The longest period of platform operation was 10 
hours. During the experimental work authors haven’t experienced any significant 
problems and operation of the platform can be qualified with highest possible grades.  
Still, the problem with the usage in the classroom still stands. Faculty has the 4 
Raspberry Pi B+ and Raspberry Pi 2 B for laboratory exercises. The problem is only 
one Sense HAT. So, the implementation of the proposed platform in classroom should 
for now concentrated on creation of one lab exercise set that will be rotated between 
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student working groups during the semester, or assigned to the students for their project 
works. 
Having in mind, that this platform is clearly proved itself to be efficient and useful in 
teaching process, the work on possible extension of laboratory Raspberry Pi/Sense 
HAT sets will be seriously considered. 
5. Conclusion and further work 
Considering the positive experience with the presented platform and very clear need for 
implementation for efficient IoT platforms in university classes, the work presented 
here should be continued and expanded as well. The main goal of the further work will 
be pointed in efforts to establish a larger number of sets and their integration in one or 
several exercises in Computer Networks course. The possibility of usage of these 
platforms in the Advanced Communications (master degree) and Communication 
Systems (bachelor degree) courses will be also explored.  
One of the interesting possible further research directions will be pointed towards the 
experimentation with the other expansion board for Raspberry Pi such as Arduino 
Adapter for Raspberry Pi or similar. 
Acknowledgement 
This research using Raspberry Pi and Sense HAT is made possible with the courtesy of 
Mr. Miljan Vuletić (Lausanne, Switzerland) 
References 
1. Chen, X., Jin, Z.: Research on Key Technology and Applications for Internet of Things, 
Physics Procedia, Volume 33, pp. 561-566. (2012) 
2. An, J., Gui, X., He, X.: Study on the Architecture and Key Technologies for Internet of 
Things, International Conference on Electrical and Computer Engineering, Advances in 
Biomedical Engineering, Vol.11, (2012) 
3. Piyare, R., Lee, S. R.: Towards Internet of Things (IoTs): Integration of wireless sensor 
network to Cloud services for data collection and Sharing, International Journal of Computer 
Networks & Communications (IJCNC) Vol.5, No.5. (2013)  
4. Dobrilovic, D., Stojanov, Z.: Design of open-source platform for introducing Internet of 
Things in university curricula, 11th IEEE International Symposium on Applied 
Computational Intelligence and Informatics, Timisoara, Romania (2016) – in press. 
5. Raspberry Pi 2 Model B – official Raspberry Pi site, available on 
https://www.raspberrypi.org/products/raspberry-pi-2-model-b/, retrieved April (2016)  
6. Sense HAT – official Raspberry Pi site, available on https://www.raspberrypi.org/ 
products/sense-hat/, retrieved April (2016)  
7. ThingSpeak – official site, available on https://thingspeak.com/,  retrieved April (2016) 
118
Petrov et al. 
 
8. Zhao, C. W., Jegatheesan, J., Loon, S. C.: Quest International University Perak: Exploring 
IOT Application Using Raspberry Pi, International Journal of Computer Networks and 
Applications Volume 2, Issue 1, January - February (2015) 
9. DiCola, T.: Embedded Linux Board Comparison, https://learn.adafruit.com/embedded-linux-
board-comparison, Adafruit learning system (2014) 
10. Shah, D., Haradi, V.: IoT Based Biometrics Implementation on Raspberry Pi, Procedia 
Computer Science, Volume 79, Pages 328-336, ISSN 1877-0509, (2016) http://dx.doi.org/ 
10.1016/j.procs.2016.03.043. 
11. Mano, L.Y., Faiçal, B.S., Nakamura, L.H.V., Gomes, P.H., Libralon, G.L., Meneguete, R.I., 
Filho, G.P.R., Giancristofaro, G.T., Pessin, G., Krishnamachari, B., Ueyama, J.: Exploiting 
IoT technologies for enhancing Health Smart Homes through patient identification and 
emotion recognition, Computer Communications, Available online 15 March (2016), ISSN 
0140-3664, http://dx.doi.org/10.1016/j.comcom.2016.03.010. 
12. Mashal, I., Alsaryrah, O., Chung, T., Yang, C., Kuo, W., Agrawal, D. P.: Choices for 
interaction with things on Internet and underlying issues, Ad Hoc Networks, Volume 28, 
May 2015, Pages 68-90, ISSN 1570-8705, http://dx.doi.org/10.1016/j.adhoc.2014.12.006. 
13. García, C. G., G-Bustelo, B. C. P., Espada, J. P., Cueva-Fernandez, G..: Midgar: Generation 
of heterogeneous objects interconnecting applications. A Domain Specific Language 
proposal for Internet of Things scenarios, Computer Networks, Volume 64, 8 May 2014, 
Pages 143-158, ISSN 1389-1286, http://dx.doi.org/10.1016/j.comnet.2014.02.010. 
119
